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1.  BACKGROUND. 

1.1  Introduction. 


1.1.1  This  document  reports  the  results  of  tests  performed  on  engi- 
neering models  of  the  Raytheon  RDS-80G  digital  microwave  transmission 
system  in  back-to-back  and  active  link  configurations.  This  equipment 
was  tested  as  part  of  the  US  Army  Communications  Command  (USACC)  Dig- 
ital Transmission  Evaluation  Project  (DTEP)  during  the  period  of  19 
August  1974  to  16  December  1974. 


1.1.2  By  Department  of  the  Army  tasking,  USACC  issued  Communications- 
Electronics  Mission  Order  B74FUS136  in  October  1973  to  initiate  the 
DTEP.  This  project  contributes  to  the  Army's  efforts  in  the  area  of 
commercial  development  evaluations  under  DCA  Circular  330-195-2. 


1.1.3  The  US  Army  Communications  Systems  Agency  (USACSA),  Fort 
Monmouth,  New  Jersey,  is  responsible  for  managing  the  DTEP.  Actual 
conduct  of  the  tests  was  delegated  to  the  US  Army  Electronic  Proving 
Ground  (USAEPG),  Fort  Huachuca,  Arizona,  under  the  guidance  and  super- 
vision of  the  US  Army  Communications-Electronics  Engineering  Installa- 
tion Agency  (USACEEIA),  Fort  Huachuca,  Arizona. 

1.2  Approach  to  the  Task. 


1.2.1  The  tasking  documents  for  the  DTEP  establish  several  broad 
functions  of  equipment  testing  to  be  investigated  and  determined: 


a.  Interface  parameters  between  items  of  equipment. 


b.  Transfer  parameters  within  the  system. 

c.  Propagation  path  influences  on  transfer  parameters. 

d.  Test  techniques  and  methodology. 

1.2.2  To  facilitate  testing  and  limit  variables,  evaluations  were 
scheduled  in  two  phases.  The  first  phase,' known  as  the  back-to-back 
tests,  consisted  of  a series  of  tests  with  the  equipment  in  a common 
location  connected  by  waveguide  and  cabling.  This  configuration 
allowed  accurate  baseline  parameters,  test  techniques , and  performance 
tests  which  could  not  be  conducted  on  an  active  link  with  the  desired 
degree  of  confidence. 

1.2.3  The  second  phase  of  evaluations  was  performed  on  an  active  link 
from  Fort  Huachuca  to  a repeater  site  located  in  Texas  Canyon  near 
Benson,  Arizona,  a distance  of  approximately  32  miles  (51  kilometers). 
A simplified  map  is  provided  in  Appendix  A. 


1.3  Summary  of  Results  and  Conclusions. 


1.3.1  Plots  of  bit  error  rate  (BER)  versus  received  signal  level  (BER) 
measured  in  a back-to-back  configuration  demonstrated  that  all  receivers 
were  performing  within  the  manufacturer's  specified  tolerances.  The 
attempt  to  duplicate  these  curves  by  artifically  fading  the  transmission 
over  a 32  mile  link  proved  unsatisfactory.  This  procedure  was  dismissed 
as  a viable  test  procedure. 

1.3.2  Statistical  analysis  was  employed  to  determine  link  availability 
and  increase  confidence  in  data  derived  from  testing.  The  results  of 
this  approach  demonstrated  a high  degree  of  correlation  to  anticipated 
performance,  and  offers  great  potential  for  future  evaluations. 

1.3.3  The  RF  spectrum  was  evaluated  to  determine  the  99  percent  power 
bandwidth  and  the  degree  of  compliance  with  FCC  Docket  19311  criteria. 
Analysis  indicated  that  99  percent  of  the  power  was  contained  in  less 
than  14  MHz,  yet  the  FCC  spectrum  limitations  were  exceeded  by  a small 
margin. 


1.3.4  Errors  caused  by  switching  between  various  back-up  components 
in  both  automatic  and  manual  modes  were  recorded  confirming  compliance 
with  the  manufacturer's  specifications.  The  diversity  switch  created 
no  errors  when  switching,  even  when  differentially  delayed  by  approxi- 
mately 40  percent  of  a bit.  This  error-less  switching  is  of  special 
importance. 

1.3.5  Attempts  to  interface  the  RDM-413  time  division  multiplexer  (TDM) 
with  two  types  of  D2  primary  multiplexers  resulted  in  modification  of 
the  TDM  to  achieve  an  operational  interface. 

1.3.6  Brief  measurements  of  cross-polarized  transmission  on  an  active 
link  were  performed,  showing  a relatively  high  degree  of  isolation  was 
maintained.  Detailed  analysis  was  not  completed  due  to  the  lack  of 
severe  weather  conditions,  equipment,  and  time. 

1.4  Recommendations. 

1.4.1  The  statistical  sampling  techniques  employed  in  tests  of  this 
equipment  appear  to  offer  great  potential  in  link  and  system  character- 
ization. This  technique  should  be  applied  to  this  and  other  equip- 
ments over  a longer  time  frame  in  order  to  more  precisely  define  pro- 
cedures, techniques,  and  application. 

1.4.2  The  technique  of  clock  switching  enrol oyed  in  the  RDM- 41 3 to 
establish  the  1.544  Mb/s  rate  should  be  evaluated  in  a multi-hop  con- 
figuration to  determine  advantages  or  disadvantages  of  this  technique 
against  others  on  a systems  basis. 

1.4.3  Variations  in  T1  channel  loading  should  be  performed  when  meas- 
uring BER  versus  RSL  at  the  1.544  Mb/s  rate  to  clarify  the  varying 
degrees  of  performance  in  TDM/radio  measurements  such  as  reported  in 
this  document. 
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2.1.2  Three  basic  configurations  of  this  equipment  are  available. 
Each  employs  the  same  basic  units,  but  each  is  capable  of  various 
channel  loading. 


2. 1.2.1  The  first  configuration  offers  a 192  voice  channel  capacity 
and  uses  the  RDM-408  multiplexer  at  an  output  bit  rate  of  13.13  Mb/s. 
The  radio  bay  is  the  RS-842  operating  at  a 1 b/s  per  Hz  density  with 
99  percent  of  the  power  contained  in  a 14  MHz  bandwidth. 

2. 1.2. 2 The  second  configuration  has  a 312  voice  channel  capacity 
with  the  RS-842  radio  bay  operating  at  a 1.5  b/s  per  Hz  density. 

In  this  configuration,  the  multiplexer  uses  the  basic  frame,  is  de- 
signed for  13  T1  lines,  and  is  named  RDM-413.  With  a multiplexer 
output  bit  rate  of  20.85  Mb/s,  the  radio  output  occupies  a 99  percent 
power  bandwidth  of  14  MHz  or  less.  This  second  configuration  is  the 
unit  tested  in  the  DTEP. 


2. 1.2. 3 The  third  configuration  consists  of  two  RDM-408  multiplexers, 
each  processing  192  voice  channels,  and  two  RS-842  radio  bays  operat- 
ing on  the  same  RF  frequencies.  The  two  radio  bays  are  connected  to 
orthogonally  polarized  antenna  feedhorns  for  an  overall  capacity  of 
384  voice  channels  in  a 14  MHz  RF  bandwidth. 

2.1.3  Figure  2 is  a simplified  block  diagram  of  the  functions  per- 
formed in  the  multiplex  bay.  The  input  is  comprised  of  13  circuits 
of  the  standard  T1  format  and  bit  rate  of  1.544  Mb/s  in  the  RDM-413 
(eight  T1  lines  for  the  RDM-408).  For  simplicity  only  one  line  is 
detailed  in  the  figure  and  descriptions  refer  to  the  13  port  con- 
figuration. The  T1  line  is  converted  in  the  interface  card  to  a for- 
mat suitable  for  equipment  operations.  Additional  pulses  are  added 
in  the  stuffer  circuitry  to  build  each  T1  circuit  up  to  a constant 
bit  rate.  The  13  input  lines  are  sequentially  sampled  and  frame 
pulse  sequences  and  stuff  cues  added  to  compose  a single  bit  stream 
at  a nominal  20.85  Mb/s  rate.  This  stream  is  then  applied  to  the 
radio  transmitter. 


2.1.4  In  the  receive  circuitry,  the  composite  20.85  Mb/s  stream  is 
separated  into  the  13  T1  de-stuffer  circuits  as  the  frame  sequences 
are  removed.  Stuff  pulses  are  removed  according  to  the  cueing  pul- 
ses and  the  remaining  nominal  1.544  M/bs  stream  is  converted  from  in- 
ternal logic  to  the  half-width  bipolar  T1  format  in  the  interface 
card  for  transmission  to  the  first  level  (PCM)  multiplexer. 

2.1.5  The  20.85  Mb/s  interface  between  the  RDM-413  and  the  RS-842 
is  normally  in  a non-return  to  zero  (NRZ)  format  when  the  two  bays 
are  located  within  50  feet  of  each  other.  When  the  separation 
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exceeds  50  feet,  optional  wire  line  drivers  and  receivers  are  employ- 
ed which  convert  the  NRZ  signals  to  a Qiphase-M  format  over  the  inter- 
vening cable  span. 

2.1.6  The  RS-842  radio  bay  (figure  3)  employs  the  heterodyne  princi- 
ple in  both  transmitting  and  receiving.  The  transmit  path  begins  with 
the  receipt  of  the  composite  data  stream  from  the  multiplex  bay.  The 
data  is  separated  into  two  parallel  bit  streams,  differentially  encod- 
ed, and  phase  modulates  a 70  MHz  carrier.  The  signal  is  mixed  with  a 
frequency  synthesized  carrier  in  the  up-converter,  whose  output  is 
centered  on  the  final  output  frequency.  The  signal  is  amplified  in  an 
avalance  diode  amplifier  (ADA)  and  filtered  to  reduce  out-of-band 
emissions  and  transferred  to  the  antenna.  Additionally,  the  filter 
restricts  bandwidth  such  that  a 1.5  b/s  per  Hz  packing  density  is 
achieved. 

2.1.7  Essentially  the  reverse  process  occurs  in  the  receiver.  Sig- 
nals from  the  antenna  are  mixed  with  the  output  of  a frequency  syn- 
thesizer to  produce  a 70  MHz  intermediate  frequency  (IF).  The  IF  sig- 
nal is  amplified  and  demodulated  producing  two  parallel  bit  streams 
which  are  decoded  and  combined.  The  combined  20.85  Mb/s  stream  is 
transmitted  to  the  RDM-413. 

2.2  Methodology. 

2.2.1  The  procedures  in  testing  this  equipment  followed  standard 
practice  where  established,  as  in  noise  figure  and  power  output  meas- 
urements. 

2.2.2  Where  procedures  are  established,  but  vary  in  details,  as  in 
bit  error  rate  (BER)  measurements,  the  measurement  time  and  number  of 
data  points  recorded  were  adjusted  to  maximize  confidence  in  the  re- 
sults. 

2.2.3  Where  exact  procedures  have  not  been  standardized,  various 
methods  were  tested  with  the  final  procedure  being  based  on  the  valid- 
ity of  the  results  after  analyzing  the  data. 

2.2.4  Unless  otherwise  noted,  all  received  signal  levels  (RSL)  re- 
corded were  measured  at  the  receiver  mixer  input. 

2.3  Limitations.  No  unusual  limitations  were  encountered  in  this 
study.  Limits  on  the  data  were  established  by  accuracy,  stability, 
and  resetability  of  the  test  equipment  and  all  items  were  constantly 
monitored  for  correct  calibration. 
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3.  DETAILS  OF  TESTS. 

3.1  Bit  Error  Rate  vs  Received  Signal  Level. 


3.1.1  The  purpose  of  this  test  was  to  gather  data  for  plotting  bit 
error  rate  against  various  received  signal  levels.  These  curves  yield 
important  information  for  use  in  evaluating  digital  equipment.  Ef- 
fects of  thermal  noise,  intersymbol  interference,  and  bandwidth  are 
readily  apparent  and  easily  analyzed.  Overall  receiver  performance 
can  be  analyzed  by  comparing  the  data  from  this  test  and  theoretical 
predictions. 

3.1.2  Procedure.  Employing  the  equipment  configuration  in  figure  4, 
pseudo-random  data  was  generated  at  the  desired  rate  and  transmitted 
over  the  simulated  RF  link.  Path  attenuation  was  introduced  with 
attenuators  in  the  waveguide  transmission  line.  Measurements  of  er- 
rors in  the  received  data  were  made  at  selected  received  signal  levels 
(RSL). 

3.1.3  Results  and  Analysis. 


3. 1.3.1  All  four  receivers  were  tested  in  back-to-back  configuration. 
For  clarity  only  one  curve  is  depicted  in  figure  5.  This  receiver  was 
selected  since  it  was  employed  in  other  reported  tests  which  facili- 
tates comparison  of  results.  The  other  receivers  performed  in  a re- 
gion bounded  on  the  left  by  this  curve,  and  by  a parallel  curve  dis- 
placed by  approximately  1.6  dB  to  the  right.  This  range  of  perform- 
ance demonstrates  compliance  with  the  manufacturer's  specification  for 
Digital  Transmission  System  RDS-80G,  TD&S  80-G2.  Specifically,  a 10" 7 
BER  at  an  RSL  of  -75.4  dBm  or  less. 

3. 1.3. 2 Comparison  of  the  actual  equipment  to  theoretical  performance 
is  also  illustrated  in  figure  5.  This  relationship  is  the  signal-to- 
noise  ratio  in  a bit  rate  bandwidth.  The  figure  derived  is  numerical- 
ly equal  to  the  energy  per  bit  versus  noise  spectral  density  (Eb/N0). 
The  relationship  is  derived  as  follows: 

Eb/N0  = RSL  - (10  log  * T + 10  log  R + 10  log  103  + NF) 


Where:  RSL  = received  signal  level  in  dBm 

k = 1.38  x 10"23  joules  per  kelvin 
T = 290  kelvin 
NF  = noise  figure  in  dB 
R = bit  rate  in  bits-per-second 
10-*  = correction  factor  from  dBW  to  dBm 
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For  example,  selecting  an  RSL  of  -77  dBm  and  Inserting  the  noise 
figure  for  this  receiver  of  8.0  dB,  the  formula  yields: 

Eb/N0  = -77  - (-174  + 73.2  + 8.0) 

Eb/N0  = 15.8  dB 

Similarly,  this  procedure  yielded  the  following  results  for  all  four 
receivers  when  calculated  at  10"  7 BER  threshold 

Threshold  Difference  from  Theoretical 

Receiver  NF(dB)  (dBm)  Eb/N0  (Eb/N0  = 11.4  dB  9 10'7  BER) 


A-l 

8.2 

-76.4 

16.2 

4.8 

A- 2 

8.0 

-77.0 

15.8 

4.4 

B-l 

8.1 

-75.6 

17.1 

5.7 

B-2 

8.2 

-75.6 

17.0 

5.6 

3. 1.3. 3 The  Eb/Np  value  calculated  in  this  manner  depends  on  the 
system  bandwidth  being  equal  to  the  bit  rate.  Since  the  bandwidth  of 
this  system  is  approximately  two-thirds  of  the  bit  rate,  increased  de- 
gradation is  to  be  expected  in  the  performance  of  the  same  equipment 
when  compared  to  a 1 b/s  per  Hz  configuration. 

3. 1.3. 4 The  performance  specified  by  the  manufacturer  in  TD&S  80-G2 
(previously  cited)  lists  the  10-7  BER  thresholds  as  -75.4  dBm  for 
20.85  Mb/s  and  -78.3  dBm  for  13.13  Mb/s.  Referring  to  the  formula  in 
3. 1.3. 2,  the  change  in  bit  rates  would  constitute  only  a 2.0  dB  change 
in  the  threshold.  The  additional  0.9  dB  degradation  in  specified 
performance  is  attributable  to  distortion  effects  caused  by  filtering. 
Some  of  these  effects  are  outlined  in  the  October  1974  issue  of  the 
IEEE  Transactions  on  Communications,  Volume  COM-22,  No.  10,  in 

an  article  titled  "The  Effect  of  Tandem  Band  and  Amplitude  Limiting 
on  the  Ek/Nq  Performance  of  Minimum  (Frequency)  Shift  Keying  (MSK)," 
by  H.  Robert  Mathwich. 

3.2  Link  Characterization. 

3.2.1  The  objective  of  this  test  was  to  verify  the  BER  vs  RSL  per- 
formance measured  in  back-to-back  tests,  and  ascertain  the  effects  of 
the  transmission  path  on  the  data. 
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3.2.2  Procedure. 

3. 2. 2.1  With  the  RF  link  activated,  receivers  and  transmitters  were 
selected  in  discrete  pairs  with  eight  possible  combinations  among  the 
two  transmitters  and  two  receivers  at  each  site. 

3. 2. 2.2  Having  selected  the  transmitter/ receiver  pair  to  be  tested, 
attenuation  was  introduced  in  the  waveguide  transmission  line  to  re- 
duce the  RSL  to  a desired  value  in  the  threshold  region,  and  BER 
measurements  were  made. 

3. 2. 2. 3 Received  signal  level  data  was  obtained  by  constantly  moni- 
toring a strip-chart  recorder  which  displayed  IF  signal  level  cali- 
brated to  values  of  RSL.  Recorded  values  were  averaged  for  the  dura- 
tion of  each  measurement. 

3.2. 2.4  Equipment  limitations  dictated  that  attenuation  be  controlled 
from  the  Communications  Test  Area  (CTA),  Fort  Huachuca  terminal  only, 
such  that  when  receiver  measurements  were  made  at  CTA,  the  received 
signal  strength  was  varied,  and  for  transmission  to  the  Site  Sibyl, 
the  transmit  power  was  adjusted. 

3.2.3  Results  and  Analysis. 


3. 2. 3.1  This  technique  was  discarded  as  a viable  test  procedure  due 
to  the  difficulty  in  adequately  determining  the  mean  RSL  during  tests 
resulting  in  wide  variability  in  results. 

3. 2. 3. 2 Equipment  failures  attributed  to  wide  thermal  variations  in 
the  repeater  van  restricted  the  available  equipment  combinations  for 
this  test.  Of  the  two  combinations  tested  in  the  direction  of  the 
Site  Sibyl  repeater  to  the  CTA  at  Fort  Huachuca,  both  were  discarded 
when  it  was  discovered  that  the  excessive  temperature  variations  ad- 
versely affected  the  transmitter  circuitry.  Subsequently,  ambient 
temperatures  were  maintained  nearly  constant.  One  combination  was 
tested  by  transmitting  in  the  opposite  direction. 

3. 2. 3. 3 The  results  of  the  measurements  employing  the  main  trans- 
mitter at  the  CTA  and  the  receiver  no.  1 at  Site  Sibyl  are  displayed 
in  figure  6.  Wide  scattering  was  observed  with  pronounced  differences 
existing  among  data  taken  on  two  successive  days.  At  this  point  the 
technique  was  abandoned  and  other  procedures  were  explored  (paragraph 
3.3). 

3.3  Link  Bit  Error  Rate  Availability. 

3.3.1  The  objective  of  this  analysis  was  to  determine  the  time  avail- 
ability of  a specified  BER  performance  level. 


RECEIVED  SIGNAL  LEVEL  (RSL) 


Figure  6.  Bit  Erro-  Rate  vs  Received  Signal  Level  (link) 
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3.3.2  Procedure. 

3. 3. 2.1  Definition  of  Starting  Parameters.  The  single  link  BER  per- 
formance level  was  chosen  to  be  4 x 10-9  and  the  confidence  level  was 
set  at  99  percent.  For  a 20.85  Mb/s  transmission  rate,  the  minimum 
sampling  interval  for  99  percent  confidence  level  was  2.5  minutes 
which  was  subsequently  rounded  up  to  3 minutes.  To  determine  a 0.99 
time  availability  with  a 99  percent  confidence  level,  the  minimum 
number  of  3 minute  samples  would  be  458.  However,  for  this  test  976 
samples  were  taken  to  better  show  the  error  distribution. 

3. 3.2.2  The  test  setup  consisted  of  a 32  mile  microwave  path  with 
all  testing  performed  in  one  direction  using  the  same  transmitter- 
receiver  pair.  These  constraints  were  used  primarily  to  avoid  differ 
ent  waveguide  losses,  receiver  noise  figures  and  transmitter  power 
outputs  from  influencing  the  error  distribution.  For  typical  link 
acceptance  testing,  tests  in  both  directions  of  transmission  for  all 
transmitter- receiver  combinations  should  be  performed.  No  deliberate 
attenuation  was  placed  in  the  receive  waveguide  since  it  was  desirable 
to  measure  BER  experiencing  only  Rayleigh  fading.  Data  was  recorded 
throughout  the  day  and  night  periods  to  observe  any  diurnal  trends. 

The  manufacturer's  BER  test  sets  clocked  by  external  synthesizers 
were  used  at  each  end  of  the  link  to  generate  and  detect  the  data 
test  signal.  Frequency  counters  were  used  to  summate  errors  during  a 

3 minute  test  sample  and  then  zeroed  for  the  next  test  sample  measure- 
ment. No  special  test  adjustments  were  required  except  for  setting 
the  counter  sensitivity  properly  to  avoid  false  counts.  Error  trigger 
pulses  also  were  applied  to  a strip-chart  recorder  to  determine 
whether  errors  were  accompanied  by  signal  fluctuations. 

3.3.3  Results  and  Analysis. 

3. 3. 3.1  The  data  was  tabulated,  and  used  to  graphically  display  the 
bit  error  rate  versus  unavailability  curve,  shown  in  figure  7.  The 
most  significant  result  is  that  the  QPSK  radio  operated  essentially 
error  free  for  long  periods  of  time  with  periodic  short  duration 
error  bursts.  Reliability  and  performance  availability  rates  are  a 
major  concern  in  communication  system  design  and  thus  the  distribution 
of  the  error  probability  is  one  key  to  defining  link  performance. 
Analyzing  the  data  in  terms  of  availability  as  opposed  to  the  conven- 
tional average  BER  method  allows  the  user  to  determine  the  total  time 
that  a certain  error  probability  has  been  exceeded  and  therefore  the 
effect  of  changing  system  parameters  can  be  directly  seen  as  a possi- 
ble improvement  in  the  system  operation  time. 

3. 3.3.2  The  following  table  shows  that  930  of  the  976  three  minute 
samples  were  error  free  and  that  error  free  operation  was  maintained 
95.19  percent  of  the  test  time.  The  planned  performance  objective  of 

4 x 10-9  BER  was  maintained  98.36  percent  of  the  time.  To  demonstrate 
an  availability  of  99.995  percent  at  a confidence  level  of  99  percent 
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would  require  a minimum  of  208,883  three  minute  samples  which  is 
10,444  hours  of  actual  data  recording  time  for  a bit  rate  of  20.85 
Mb/s.  The  impractical ities  of  trying  to  verify  in  the  field  very 
low  BER  with  high  availability  requirements  for  link  acceptance 
purposes  even  at  high  bit  rates  is  readily  apparent.  However,  measur- 
ing availability  in  the  range  of  99  percent  with  a 95  percent  confi- 
dence level  is  easily  accomplished  and  would  be  sufficient  for  link 
acceptance  and  also  operation  after  cutover. 

TABULATED  LINK  BER  DATA 


Number  Number  of 

of  Measured  Occurrences  >8.8  x 10"9 
Errors  BER  at  this  BER  BER 


Time 

Avail  Unavail 
of  BER  of  BER 


0 

930 

0.9519 

0.0481 

1 

2.7xl0"10 

4 

0.9560 

0.0440 

2 

5.3xl0"10 

10 

0.9662 

0.0338 

3 

8.0xl0-10 

7 

0.9734 

0.0266 

4 

l.lxlO'9 

1 

0.9744 

0.0256 

7 

1.9xl0-9 

2 

0.9765 

0.0235 

8 

2.1x10-9 

2 

0.9785 

0.0215 

9 

2.4xl0"9 

1 

0.9795 

0.0205 

10 

2.7x10-9 

2 

0.9816 

0.0184 

14 

3.7x10-9 

1 

0.9826 

0.0174 

15 

4.0x10-9 

1 

0.9836 

0.0164 

17 

4.5xl0"9 

2 

0.9857 

0.0143 

21 

5 .6xl0"9 

1 

0.9867 

0.0133 

43 

l.lxlO'8 

1 

x 0.9877 

0.0123 

45 

1.2xl0"8 

1 

x 0.9887 

0.0113 

47 

1 .3xl0"8 

1 

x 0.9898 

0.0102 

82 

2.2xl0‘8 

1 

x 0.9918 

0.0082 

83 

2.2xl0-8 

1 

x 0.9918 

0.0082 
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TABULATED  LINK  BER  DATA  (continued) 


Number 

of 

Errors 

Measured 

BER 

Number  of 
Occurrences 
at  this  BER 

>8.8  x 10'9 
BER 

Time 

Avail  Un avail 

of  BER  of  BER 

108 

2 .9xl0"8 

1 

X 

0.9928 

0.0072 

596 

1 .6xl0-7 

1 

X 

0.9939 

0.0061 

1000 

2.7xl0-7 

1 

X 

0.9949 

0.0051 

1217 

3.2xl0“7 

1 

X 

0.9959 

0.0041 

1305 

3.5xl0-7 

1 

X 

0.9969 

0.0031 

2928 

7.8xl0“7 

1 

X 

0.9980 

0.0020 

3369 

9 .OxlO-7 

1 

X 

0.9990 

0.0010 

Total  Samples:  976 

Total  Test  Time:  2928  minutes 

Total  Errors:  11,015 

3. 3. 3. 3 With  any  performance  measurement  there  must  be  a per- 
formance objective  and  there  should  be  an  allowable  tolerance 
boundary  around  the  objective.  This  is  very  true  for  BER  link 
measurements  since  the  BER  does  not  remain  a fixed  value  because 


of  the  numerous  dynamic  impairments  that  co-exist  in  the  system. 

For  the  purpose  of  this  test,  with  a 4 x 10~9  BER  as  the  objective, 
the  99  percent  confidence  upper  bound  was  calculated  to  be  8.8  x 
10"".  Thus,  for  any  BER  measured  that  is  better  than  8.8  x 10"^ 
there  is  99  percent  confidence  that  at  least  an  overall  4 x 10-9 
is  being  delivered. 


3. 3. 3. 4 The  measured  data  shows  there  were  12  occasions  when  a 
8.8  x 10-9  was  not  maintained  in  a 3-minute  test  bloc^.  However, 


the  worst  test  block  still  supported  a BER  of  9 x 10-/ . Experience 
from  the  CTA  to  Site  Sibyl  link  has  shown  repeatedly  that  error 
bursts  are  generally  100  or  less  errors. 


3. 3. 3. 5 Figure  7 is  a graph  of  BER  plotted  against  percent  of 
time  of  unavailability.  One  problem  of  BER  measurements  is  the 
case  where  zero  errors  are  recorded  and  thus  division  of  zero  by 
the  number  of  bits  transmitted  to  calculate  BER  is  impossible. 
Since  zero  error  is  less  than  one  real  error,  the  BER  is  conven- 
tionally said  to  be  less  than  the  BER  calculated  from  one  error. 
However,  zero  error  for  a given  transmission  rate  and  sampling 
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time  does  represent  a real  BER.  From  the  data  table  a 2.7  x 10"  ® 
BER  is  supported  95.60  percent  of  the  time  and  an  unknown  BER  is 
supported  95.19  percent  of  the  time.  By  extending  the  curve  of 
figure  7,  the  0.0481  unavailability  axis  indicates  a BER  of  1.9 
x 10“ '0.  Thus,  if  zero  errors  were  recorded  in  a 3-minute  period 
at  a rate  of  20.85  Mb/s,  the  BER  in  that  period  would  be  1.9  x 
10-1°.  The  spread  between  1.9  x 10_10  (0  error)  and  2.7  x 10“^ 

(1  error)  may  not  intuitively  be  great  enough,  yet  it  must  be  re- 
membered that  the  difference  between  no  error  and  1 bit  in  error 
out  of  3.8  billion  bits  is  very  small. 

3. 3. 3. 6 Figure  7 shows  an  apparent  discontinuity  in  the  curve. 
However,  the  problem  lies  in  the  fact  there  is  a large  increase 
in  the  number  of  errors  counted  for  a one  step  change  in  number 
of  events  at  the  high  end  of  the  availability  data.  For  example, 
in  the  table  there  was  one  event  of  a 596  error  burst  and  one 
event  of  a 1,000  error  burst.  This  means  that  for  99.39  percent 
of  the  time  there  were  596  or  less  errors  in  a 3-minute  test 
period,  and  for  99.49  percent  of  the  time  there  were  1,000  or 
less  errors  in  a 3-minute  test  period.  Yet  between  the  99.49 
percent  availability  and  99.39  percent  availability,  there  were 
also  999  or  less  errors,  998  or  less,  997  or  less,  on  down  to 
598  or  less,  597  or  less  errors,  etc.  Had  each  of  these  error 
counts  occurred  at  least  once,  the  plot  would  have  been  a smooth, 
continuous  curve. 

3. 3. 3. 7 A point  of  interest  is  the  comparison  of  the  1.9  x 10“^° 

BER  supported  for  95.19  percent  of  the  time  against  the  average 
BER  over  the  entire  test  time.  A total  of  11,015  errors  was 
recorded  over  a total  test  time  of  2,928  minutes,  giving  an 
average  BER  of  3.0  x 10  . Thus,  a few  large  error  bursts  can 

give  a false  indication  of  an  otherwise  essentially  error  free 
system. 

3.4  Carrier-to-Interference  (C/1)  Ratio. 

3.4.1  The  purpose  of  this  test  was  to  gather  data  in  a controlled 
environment  (back-to-back)  for  plotting  bit  error  rate  against 
various  received  signal  levels  for  five  cases  of  added  interference. 
These  curves  yield  results  necessary  for  the  study  of  electromag- 
netic compatibility  (EMC),  and  isolation  between  orthogonal  planes 
of  polarization  as  well  as  isolation  among  other  systems  in  close 
geographic  and  spectral  proximity. 

3.4.2  Procedure.  The  test  procedure  included  measuring  aata  for 
C/I  ratios  of  12  dB,  15  dB,  18  dB,  21  dB,  and  24  dB,  as  well  as  the 
no- interference  case.  The  equipment  was  connected  as  illustrated 
in  figure  8.  Calibration  was  conducted  by  setting  the  "RSL  Attenu- 
ator" to  zero  and  varying  the  "Interference  Attenuator"  to  adjust 
the  C/I  level.  A zero  interference  level  was  combined  with  a 
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steady  transmitter  signal  and  the  power  was  measured  at  the  re- 
ceiver mixer.  Then  the  transmitter  was  disabled  and  the  "Inter- 
ference Attenuator"  was  adjusted  for  the  appropriate  power  reading 
at  the  receiver  for  one  C/I  level.  This  completed  the  calibration 
and  the  test  was  conducted  by  varying  only  the  "RSL  Attenuator." 
The  C/I  remained  constant  for  each  RSL  measured.  Recalibration 
was  performed  at  the  beginning  of  each  day's  test  and  when  the 
waveguide  was  changed.  The  RS-842  number  2 transmitter  and 
RDM-413  TDM  was  used  at  the  interfering  signal  source. 

3.4.3  Results  and  Analysis.  Figure  9 shows  the  results  of  the 
carrier  to  interference  test,  displaying  the  main  transmitter  of 
rack  B,  and  the  receiver  number  two  of  rack  A.  Six  curves  show 
the  effects  of  co-channel  interference  in  different  ratios.  As 
expected,  the  degradation  due  to  interferences  is  manifest  in  BER 
vs  RSL  curves  which  are  displaced  to  the  right  from  the  no  inter- 
fering case.  For  each  3 dB  increase  in  interference  (3  dB  reduc- 
tion in  C/I),  the  curve  moves  to  the  right  by  increasing  amounts. 
For  the  C/I  ratios  of  18  dB,  15  dB,  and  12  dB,  the  curves  notice- 
ably begin  to  diverge  at  higher  received  signal  levels.  At  the 
C/I  of  12  dB,  a wide  divergence  or  plateau  is  apparent.  That  is, 
with  increasing  received  signal  levels,  the  BER  approaches  a mini- 
mum limit.  As  figure  9 illustrates,  the  bit  error  rate  does  not 
improve  more  than  5 x 10-5  even  for  high  RSL's. 

3.5  Spectrum  Evaluation. 


3.5.1  The  purpose  of  this  test  was  to  obtain  measured  power 
spectral  density  curves  for  use  in  evaluating  filtering  techniques. 
Rejection  of  out-of-band  emissions  to  the  level  required  by  FCC 
Docket  19311  were  analyzed,  and  the  99  percent  power  bandwidths 
calculated . 


3.5.2  Procedure. 


3. 5. 2.1  The  equipment  configuration  for  plotting  spectral  power 
distribution  was  basically  the  same  as  that  employed  for  C/I  testing 
described  in  section  3.4.2  with  the  exception  that  a small  amount 
of  power  was  taken  from  the  directional  coupler  in  the  waveguide 
and  displayed  on  a Hewlett-Packard  1 41 T spectrum  analyzer  with 
the  appropriate  plug-in  units.  Figure  10  is  a block  diagram  of 
the  system.  A hard  copy  of  the  spectrum  was  obtained  through  the 
use  of  an  X-Y  plotter  driven  by  appropriate  sources  within  the 
analyzer  display  unit. 


i.5. 2. 2  In  order  to  reference  the  displayed  spectrum  accurately 
o the  appropriate  FCC  Docket  19311  requirements,  total 
lower  measurements  of  both  modulated  and  unmodulated 
ere  made  employing  a Boonto n 42  AD  power  meter  with 
ensor . 


radiated 
carriers  also 
a 41-4B  power 
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Figure  9.  C/I  Characteristic  Curves 
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3.5.3  Results  and  Analysis. 

3. 5. 3.1  Close  correlation  was  observed  among  all  transmitted 
spectra.  The  median  curve  is  illustrated  in  figure  11.  The  major 
differences  were  in  the  energy  densities  of  the  sidebands  which 
amounted  to  approximately  2 dB  at  their  peaks.  Integration  of  the 
spectrums  revealed  negligible  effects  due  to  power  density  varia- 
tions. 

3. 5. 3. 2 Manual  integration  of  the  spectrum  was  performed  in  0.5 
MHz  increments.  Resulting  values  were  then  equated  to  the  +27.2 
dBm  measured  power  output,  allowing  application  of  the  FCC  Docket 
19311  emission  criteria  as  well  as  calculation  of  the  99  percent 
power  bandwidth. 

3. 5. 3. 3 The  99  percent  power  bandwidth  was  determined  to  be  13.2 
MHz.  According  to  older  standards,  this  indicates  that  the  system 
is  suitable  for  operation  in  a 14  MHz  RF  channel.  The  FCC  Docket 
19311  limitations  superimposed  on  the  spectrum  in  figure  11  demon- 
strate that  the  transmitter  does  not  comply  with  the  newer  criteria 
failing  by  a small  margin.  Slightly  increased  attenuation  of  the 
RF  filter  skirts  of  about  2 dB  at  fc  ± 7 MHz  and  6-7  dB  at  fc  ± 12 
MHz  should  result  in  compliance  with  the  Docket  19311  limitations. 

3.6  Data  Rate  Variations. 

3.6.1  The  purpose  of  this  test  was  to  establish  variations  in 
system  performance  as  a function  of  the  baseband  bit  rate.  The 
data  rates  were  varied  above  and  below  the  1.544  Mb/s  nominal  rate 
until  the  system  ceased  operation.  The  data  derived  from  this 
test  may  be  used  to  determine  the  required  stability  within  the 
multiplex  hierarchy. 

3.6.2  Method.  The  test  equipment  used  to  measure  effects  of  data 
rate  variation  is  illustrated  in  figure  12.  An  external  synthesizer 
clocks  the  data  test  set  which  drives  the  RDM413  multiplexer.  The 
signal  is  multiplexed,  looped  back,  demultiplexed,  and  then  measured 
by  the  data  test  set.  Errors  were  monitored  on  the  electronic 
counter.  The  point  of  last  synchronization  determined  the  maxi- 
mum deviation  in  data  rate. 

3.6.3  Results  and  Analysis.  The  manufacturer's  stated  require- 
ments were  no  degradation  for  a nominal  1.544  Mb/s  with  all  channels 
loaded  and  a tolerance  of  +200  b/s  and  a -309  b/s.  This  range  is 
from  1.543691  Mb/s  to  1.544200  Mb/s.  While  the  actual  test  was 
conducted  on  every  main  and  standby  multiplexer  and  demultiplexer 
channel,  only  one  channel  was  loaded  at  one  time.  This  technique 

is  different  from  that  specified  by  the  manufacturer.  The  data 
reveals  that  the  manufacturer's  tolerances  were  met  for  no  degra- 
dation in  performances . The  actual  variation  from  the  normal  rate 
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was  +250  b/s  and  -350  b/s  which  corresponds  to  a range  of  1.543650 
Mb/s  to  1.544250  Mb/s.  At  these  points,  the  channel  totally  de- 
graded. Observations  of  jitter  showed  no  measurable  change  with 
the  variation  of  T1  rate. 

3.7  Frequency  Accuracy  and  Stability. 

3.7.1  The  purpose  of  this  test  was  to  measure  carrier  frequency 
accuracy  and  stability.  The  results  were  instrumental  in  deter- 
mining degree  of  compliance  to  requirements,  and  to  manufacturer's 
specifications.  Frequency  stability  is  one  of  the  factors  which 
determine  the  receiver  performance  by  establishing  the  tracking 
range  required  by  the  carrier  recovery  circuitry. 

3.7.2  Frequency  was  measured  at  the  transmitter  monitor  point 
located  at  the  RF  branching  network.  The  HP5245L  Electronic 
Counter  with  5255A  RF  plug-in  displayed  the  results.  For  short 
term  stability,  measurements  were  taken  each  second  for  10  seconds. 
Then,  after  90  hours,  10  more  measurements  were  made  at  one  second 
intervals.  The  maximum  difference  between  any  value  in  the  first 
set  of  10  measurements  and  any  in  the  second  set  of  10  measurements 
was  recorded  as  the  long  term  stability  or  accuracy. 

3.7.3  Results  and  Analysis.  The  rack  A transmitter  was  tuned 

to  8.16  GHz  and  the  B transmitter  carrier  frequency  was  7.35  GHz. 
Therefore,  to  meet  the  manufacturer's  specifications  of  0.0005 
percent/sec  short  term  stability  and  0.002  percent  long  term 
stability,  the  A transmitter  should  operate  ±40.8  kHz  short  term, 
and  ±163.2  kHz  long  term.  In  the  case  of  transmitter  B,  tolerances 
of  ±36.8  kHz  and  147.3  kHz  respectively,  should  be  met.  In  the 
test,  the  transmitters  easily  met  these  criteria  and  for  the  worst 
case  of  main  or  standby,  the  A transmitter  had  a variation  of  9.37 
kHz  or  0.0001  percent  short  term  and  15.15  kHz  or  0.0002  percent 
long  term  stability.  Similarly,  transmitter  B showed  a maximum 
variation  of  9.15  kHz  or  0.0001  percent  short  term  and  15.92  kHz 
or  0.0002  percent  long  term  stability.  The  transmitters  proved 
to  be  quite  stable. 

3.8  T1  Bit  Error  Rate  Versus  Received  Signal  Level. 

3.8.1  The  purpose  of  this  test  was  to  determine  if  the  BER  vs 
RSL  characteristics  at  the  T1  rate  coincide  with  the  wideband 
BER  vs  RSL  characteristic  as  reported  in  section  3.1. 

3.8.2  Procedure.  The  test  configuration  is  illustrated  in  figure 
13.  The  RDM413  multiplexer  is  driven  by  the  data  test  set  at  1.544 
Mb/s.  The  signal  is  accepted  by  the  RS842,  transmitted  to  the  re- 
ceiver which  interfaces  with  the  demultiplexer.  The  data  test  set 
evaluates  the  signal  and  the  electronic  counter  displays  errors. 
Simulated  path  attenuation  was  employed  by  using  a combination 

of  fixed  and  variable  waveguide  attenuators. 
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3.8.3  Results  and  Analysis. 


X 


3. 8. 3.1  Equipment  limitations  did  not  permit  applying  independent 
random  data  streams  on  all  of  the  13  T1  channels  in  the  multiplex. 
Therefore,  BER  vs  RSL  curves  for  the  13  T1  channels  tested  sepa- 
rately exhibited  varying  performance  with  channel  number  6 per- 
forming the  best  and  channel  number  3 performing  the  worst  in  all 
combinations  tested. 

3. 8. 3. 2 Figure  14  illustrates  the  range  of  performance  measured. 
The  combination  of  the  B standby  transmitter  and  A-2  receiver  was 
selected  to  enable  comparison  of  the  20.85  Mb/s  BER  vs  RSL  curve 
in  figure  14.  Furthermore,  the  greatest  deviation  in  other  trans- 
mitter-receiver combinations  was  less  than  1 dB. 

3. 8. 3. 3 Superimposing  the  20.85  Mb/s  BER  vs  RSL  curve  from  figure 
6 on  figure  14  shows  that  the  T1  performance  is  scattered  equally 
about  the  20.85  Mb/s  performance  curve.  This  wide  scattering  is 
thought  to  be  a result  of  the  RDM413  containing  no  provisions 

for  "randomizing"  the  data  output  when  there  is  no  input  infor- 
mation. Increased  loading  of  the  multiplexer  inputs  is  predicted 
to  narrow  the  data  dispersion  and  nearly  duplicate  the  20.85  Mb/s 
performance . 

3.9  Pulse  Jitter. 

3.9.1  Pulse  jitter  is  the  difference  between  the  actual  zero 
crossing  and  the  expected  zero  crossing  of  bits  in  a bit  stream. 
The  test  was  to  measure  peak-to-peak  time  variations  and  compare 
them  to  manufacturer's  expectations. 

3.9.2  Procedure. 

3. 9. 2.1  As  illustrated  in  figure  15,  the  jitter  at  the  T1  output 
rate  (1.544  Mb/s)  was  measured  by  the  oscilloscope,  triggered  by 
the  T1  input  to  the  multiplexer.  This  measured  the  difference 
between  input  and  output  signals. 

3. 9. 2. 2 Figure  16  depicts  the  pulse  jitter  test  for  the  super- 
group signal  rate  (20.85  Mb/s).  The  oscilloscope  measured  the 
transmit  output  of  the  multiplexer,  triggered  by  the  multiplexer 
timing.  Jitter  at  the  20.85  Mb/s  rate  was  observed. 

3.9.2 .3  The  multiplexer  output  jitter  was  measured  as  depicted 
in  figure  17.  The  fifty-sixth  pulse  was  observed  on  the  oscillo- 
scope, internally  triggered.  This  exhibited  the  worst  case  jitter 
of  the  multiplexer  output  alone. 
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20.85  Mb/* 


Figure  15.  Pulse  Jitter  Test  Configuration  A (output/input) 


20.85  Mb/* 


Figure  16.  Pulse  Jitter  Test  Configuration  B (20.85  Mb/s  rate) 


Figure  17 


Pulse  Jitter  Test  Configuration  C (output) 


3.9.3  Results  and  Analysis. 

3. 9. 3.1  The  jitter  measured  on  the  oscilloscope  shows  the  time 
variations  of  the  pulse  with  respect  to  the  pulse  input  to  the 
multiplexer.  The  jitter  was  constant  for  all  RSL's  from  satura- 
tion to  that  level,  producing  2.6  x 10~3  BER,  and  measured  to  be 
300  nanoseconds. 

3.9. 3. 2 At  the  20.85  Mb/s  data  rate  (TDM  output  port)  and  the 
Whole  RSL  range,  there  was  no  observable  jitter. 

3. 9. 3. 3 The  jitter  measured  in  this  configuration  is  that  pulse 
variation  which  the  interfacing  equipment  will  actually  "see." 

For  all  combinations  of  transmitters,  receivers,  and  the  whole 
range  of  RSL's,  the  jitter  was  measured  to  be  75  nanoseconds.  Pulse 
jitter  increased  from  the  first  pulse  to  the  fifty-sixth  bit  with 

no  further  increase.  This  variation  exceeds  the  manufacturer's 
specification  by  7 percent. 

3 . 10  Mean  Time  to  Acquire  Frame. 

3.10.1  The  purpose  of  this  subtest  was  to  record  the  minimum 
and  maximum  time  required  for  the  multiplexer  to  acquire  frame 
(synchronize)  and  then  to  compute  the  mean  time  from  this  data 
to  compare  with  the  manufacturer's  objective. 

3.10.2  Method.  Figure  18  shows  the  test  configuration  to  gather 
this  data.  The  switch  is  an  SN7400  flip-flop  wired  to  pin  1 of 
U19  of  the  receiver  common  card  in  the  multiplexer.  The  output 
triggered  the  oscilloscope  and  the  time  delay  information  was 
read  directly  from  the  oscilloscope. 

3.10.3  The  manufacturer  required  a maximum  5 milliseconds  for 
the  multiplexer  to  acquire  frame  at  normal  operating  RSL's.  The 
main  multiplexer  exhibited  framing  times  of  200  microseconds  to 
a maximum  of  620  microseconds  for  25  trials.  Similarly,  the 
standby  multiplexer  times  ranged  from  180  microseconds  to  650 
microseconds.  The  equipment  performed  well  within  the  limits 
specified  by  the  manufacturer.  The  calculated  mean  times  to 
acquire  frame  were  411  microseconds  for  the  main  and  378  micro- 
seconds for  the  standby  multiplexer. 

3.11  Switching  Error. 

3.11.1  The  purpose  of  this  section  was  to  measure  errors  gener- 
ated when  transmitters,  receivers,  and  multiplexers  were  switched. 

In  the  testing  of  receivers  with  a "hit-less"  (error-less)  switch, 
verification  of  error  free  switching  was  the  objective.  In  the 
testing  of  multiplexers  and  transmitters,  the  manufacturer's 
requirements  were  compared  to  collected  data. 
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3.11.2  Method. 

3.11.2.1  The  RDS-80G  was  connected  in  standard  back-to-back  con- 
figuration and  the  transmitters  were  manually  switched.  Five 
transfers  were  performed  from  main  to  standby  transmitters  and 
five  transfers  were  made  from  standby  to  main  transmitters. 

3.11.2.2  In  a similar  equipment  connection,  the  transmitters 
were  faulted  five  times.  Faults  were  simulated  by  interrupting 

the  70  MHz  IF  drive,  inducing  switching  errors,  which  were  recorded. 

3.11.2.3  In  a similar  equipment  connection,  the  T1  line  was  in- 
serted into  channel  one  of  the  main  multiplexer.  The  main  trans- 
mitters were  manually  switched  10  times  to  standby  and  an  equal 
number  of  transfers  were  performed  in  the  reverse  sequence. 

3.11.2.4  In  the  first  of  the  three  subtests  on  receiver  switching, 
manual  and  remote  switching  were  studied.  The  procedure  was  to  vary 
the  receiver  input  level  and  at  the  moment  of  switching  record  the 
errors.  The  unit  was  set  in  the  maintenance  mode. 

3.11.2.5  For  the  second  receiver  subtest,  the  received  levels  were 
set  close  enough  to  establish  automatic  switching  at  a rate  slightly 
greater  than  one  per  second.  The  frequency  counter  measured  the 
errors  generated. 


3.11.2.6  A delay  line  was  introduced  between  receiver  one  and 
receiver  two  by  installing  sections  of  RG-59  cable.  The  delay 
was  increased  by  19  nanoseconds  and  the  units  set  to  manual /remote 
mode.  Again,  errors  were  recorded  at  switch  time. 


3.11.2.7  Automatic  and  manual  switching  of  the  multiplexer  was 
tested.  Errors  were  measured  by  feeding  a T1  signal  to  the  RDM413 
from  the  data  test  set  and  detecting  the  errored  data  on  the  T1 
stream  recovered  from  the  RDM413.  Manual  switching  was  performed 
by  depressing  the  appropriate  switch,  and  automatic  switching  was 
enacted  by  failing  the  supergroup  at  the  front  panel  test  jacks. 
Errors  were  counted  for  both  modes. 

3.11.3  Results  and  Analysis. 

3.11.3.1  When  transmitters  were  switched  manually  from  main  to 
standby,  transmitter  B exhibited  an  average  of  25  errors  for  five 
transfers.  Similarly,  at  the  20.85  Mb/s  rate,  transmitter  B stand- 
by averaged  two  errors  when  switched  to  the  main  mode.  The  manu- 
facturer's specification  for  this  type  of  switching  was  not  stated. 


3.11.3.2  When  the  IF  was  faulted  five  times,  no  errors  were  recorded 
when  the  transmitters  switched  automatical ly.  The  manufacturer 's 
specification  is  given  as  a switch  time  of  20  nanoseconds.  At  20.85 
Mb/s,  each  bit  space  is  48  nanoseconds  and  no  errors  should  be  seen. 
The  manufacturer's  goal  was  attained  in  this  test. 

3.11.3.3  In  the  third  subtest  where  the  main  multiplexer  drove  the 
transmitter  B,  an  average  of  158  errors  was  recorded  when  the  main 
transmitter  was  switched  to  standby.  Similarly,  an  average  of  81 
errors  was  observed  when  the  standby  transmitter  was  switched  to 
main.  The  errors  observed  in  this  section  should  correlate  closely 
with  those  reported  in  section  3.11.3.1,  but  there  were  signifi- 
cantly more  errors  in  this  subtest.  The  reason  for  this  discrepancy 
is  being  studied. 

3.11.3.4  For  the  case  of  manual/remote  switching  at  20.85  Mb/s  rate 
in  receiver  rack  A,  no  errors  were  observed.  Error-free  switching 
was  the  stated  manufacturer's  specification. 

3.11.3.5  For  automatic  switching,  the  manufacturer's  design  was  to 
cause  no  errors.  The  data  confirmed  the  error-free  operation. 

3.11.3.6  In  the  case  of  the  manual /remote  switching  with  a 19  nano- 
second differential  delay,  again  no  errors  were  measured  as  specified 
by  the  manufacturer.  Nineteen  nanoseconds  at  the  supergroup  rate  cor- 
responds to  approximately  0.4  bit  space. 

3.11.3.7  Manual  switching  performance  of  the  multiplexer  is  not 
specified  by  the  manufacturer.  The  stated  objectives  of  the  auto- 
matic mode  was  a switching  time  of  less  than  150  milliseconds  or 
147,000  bit  spaces.  The  average  number  of  errors  measured  in  the 
manual  mode  at  the  transmitter  when  switched  from  main  to  standby 
multiplexer  was  4,690  and  5,596  when  switched  from  standby  to  main 
at  the  receiver.  The  main  to  standby  transfer  yielded  5,476  errors 
and  8,365  errors  for  the  standby  to  main  switch.  Averages  for  the 
automatic  switching  at  the  transmitter  multiplexer  were  6,637  errors 
for  main  to  standby  and  9,017  errors  for  standby  to  main  switching. 

At  the  receiver,  11,700  errors  were  measured  when  the  multiplexer 
was  switched  from  main  to  standby  and  8,765  errors  for  the  standby 
to  main  transfer.  The  worst  case  switching  generated  14,000  errors 
which  is  one  order  of  magnitude  better  than  the  stated  objective. 

3.12  Interface  Between  Multiplexers. 

3.12.1  The  objective  of  this  test  was  to  determine  whether  the  RDM- 
413  time  division  multiplexer  (TDM)  would  interface  and  operate  with 
the  CY-104  and  TD-968A  02  multiplexers. 

3.12.2  Procedure.  The  T1  input  and  output  lines  of  the  RDM413 
were  connected  in  normal  loop  fashion  to  the  respective  terminals 
of  the  CY-104  and  TD-968. 
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3.12.2  Results  and  Analysis. 


3.12.2.1  The  D-2  multiplexer  would  not  acquire  a stable  frame  lock 
when  the  interconnection  was  completed.  Further  investigation  re- 
vealed that  frame  would  be  acquired  for  a short  period  and  then  would 
be  lost  for  approximately  10  milliseconds.  This  chronic  loss  of  frame 
lock  rendered  the  equipment  unsuitable  for  reliable  operation. 

3.12.3.2  The  unstable  synchronization  was  found  to  be  the  result  of 
the  T1  regeneration  technique  in  the  RDM413.  In  lieu  of  pulse  rate 
averaging  circuitry,  two  oscillators  were  used  on  a time-sharing  basis 
such  that  the  long  term  average  data  rate  was  identical  to  the  rate 
transmitted  from  the  distant  terminal.  In  the  original  configuration, 
the  two  clocks  generated  24.707712  MHz  and  24.797824  MHz.  These  sig- 
nals were  then  divided  by  16  to  clock  the  T1  outputs  between  1.544232 
and  1.543614  MHz.  These  rates  correspond  to  T1  +150  and  -250  parts 
per  million  (ppm).  Specified  tolerances  of  T1  +100  and  -200  ppm 
would  thereby  ensure  operation  within  the  limits  of  the  equipment. 

3.12.3.3  The  first  attempt  to  interface  the  equipment  was  to  readjust 
the  clock  circuitry  of  the  TD-968  to  a higher  rate  in  an  effort  to 
force  the  RDM413  to  clock  output  data  consistently  from  the  higher 
frequency  clock.  A slight  improvement  was  realized,  but  lock  was 

not  retained  for  long  enough  periods  to  permit  testing. 

3.12.3.4  The  internal  clocks  in  the  RDM413  were  replaced  with  ex- 
ternal frequency  synthesizers  and  the  frequency  difference  reduced 
to  the  point  where  enough  stability  in  frame  lock  was  obtained  to 
perform  tests.  The  following  chart  illustrates  the  results: 


Clock 

T1  rate 

T1 

frequencies 

frequencies 

tolerance 

24.704956  MHz 

1 .54405975  MHz 

CY-104 

24.703000  MHz 

1.5439375  MHz 

±39.6  ppm 

24.707000  MHz 

1 .5441875  MHz 

TD-968 

24.704348  MHz 

1 .54402175  MHz 

±67.8  ppm 

NOTE:  The  TD-968  was  adjusted  to  operate  higher  than  the  nominal  T1 
rate  of  1.544  Mb/s.  The  T1  tolerance  column  is  based  on  an  equal  fre- 
quency variation  about  the  center  frequency. 

3.12.3.5  The  normal  RDM413  clock  spacing  appears  to  perform  satisfac- 
torily with  D-l  and  D-3  type  primary  multiplexers  which  have  a line 
rate  tolerance  of  ±100  ppm  but  as  shown  above,  had  to  be  considerably 
reduced  to  interface  with  a D-2  type  multiplexer  having  a line  rate 
tolerance  of  ±50  ppm.  Further  differences  in  the  method  of  timing 


recovery  between  the  D-l/D-3  and  D-2  approaches  still  do  not  permit 
totally  satisfactory  interfaces  due  to  the  difficulty  of  D-2  type 
multiplexers  in  maintaining  lock  in  the  presence  of  nearly  instan- 
taneous data  rate  transitions. 

3.12.3.6  Although  the  technique  of  clock  averaging  poses  a problem 
aspect  as  related  here,  the  technique  does  possess  potential  merit 
on  a system  basis.  The  manufacturer's  claim  is  that  the  technique 
of  switching  between  two  clocks  introduces  a certain  amount  of  "jit- 
ter" into  the  system  which  will  not  increase  over  tandem  RF  links. 

This  may  be  worthy  of  further  investigation  over  a multilink  system 
to  evaluate  the  technique.  Jitter  of  this  type  is  known  as  "slewing 
jitter"  and  was  not  included  in  the  tests  reported  in  section  3.9. 

3.13  Cross-Polarization  Test. 

3.13.1  The  objective  of  this  test  was  to  gather  RSL  data  to  evaluate 
cross-polarization  characteristics  on  a limited  basis.  The  technique 
of  cross-polarization  doubles  the  communication  traffic  without  in- 
creasing frequency  spectrum  occupation.  However,  antenna  design  and 
orientation,  multipath  interference,  co-channel  transmissions,  and 
atmospheric  variations  reduces  cross-polarization  isolation  and  effi- 
ciency. This  section  presents  isolation  data  on  an  operating  link 
(see  figures  29,  30,  and  31)  and  an  analysis  predicting  general  per- 
formance characteristics  of  cross-polarization. 

3.13.2  Procedure. 

3.13.2.1  The  link  transmitted  data  from  Site  Sibyl  on  its  vertically 
polarized  antenna  to  the  CTA  compound.  The  transmitter  at  Sibyl  for 
the  horizontally  polarized  antenna  was  disabled.  At  the  CTA,  the 
received  signal  level  was  recorded  on  a strip  chart  for  both  the 
vertical  and  horizontal  feed  horns.  The  vertically  polarized  received 
signal  was  then  compared  to  the  horizontally  polarized  received  sig- 
nal. This  difference  was  the  measure  of  cross-polarization  isolation. 

3.13.2.2  Received  signal  level  data  was  also  recorded  from  a verti- 
cally polarized  11  GHz  radio  on  the  same  test  link.  This  data  was 
used  to  compare  fading  of  an  11  GHz  radio  with  an  8 GHz  radio. 

3.13.3  Results  and  Analysis. 

3.13.3.1  This  test  was  conducted  over  a continuous  period  of  65  hours 
and  6 minutes  from  1415  on  Friday,  6 December  1974  to  0721  Monday,  9 
December  1974.  During  this  period  there  was  no  precipitation.  The 
temperature  ranged  from  lows  of  30  to  34  degrees  Fahrenheit  to  highs 
of  52  to  62  degrees  Fahrenheit  over  the  test  period.  The  maximum 
wind  velocity  ranged  from  8 to  14  knots  occurring  approximately  at 
mid-day.  Sunset  was  at  1717  and  sunrise  at  0708. 
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19.  Cross-Polarization  Data  Excerpt  (1500-6  Dec  74) 
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Figure  20.  Cross-Polarization  Data  Excerpt  (2040-6  Dec  74) 
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21.  Cross-Polarization  Data  Excerpt  (0540-7  Dec  74) 
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22.  Cross-Polarization  Data  Excerpt  (0900-7  Dec  74) 
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Figure  24.  Cross-Polarization  Data  Excerpt  (1440-7  Dec  74) 
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Figure  25.  Cross -Pol ari zati on  Data  Excerpt  (0500-8  Dec  74) 
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Figure  26.  Cross-Polarization  Data  Excerpt  (0720-8  Dec  74) 
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Figure  27.  Cross-Polarization  Data  Excerpt  (1740-8  Dec  74) 
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Figure  28.  Cross-Polarization  Data  Excerpt  (0700-8  Dec  74) 
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3.13.3.2  The  results  are  presented  In  figures  19  through  28  showing 
portions  of  the  strip  chart  recordings  typical  of  the  long  time  inter 
val . 

3.13.3.3  There  were  48  errors  recorded  for  the  RDS-80G  (8  GHz  radio) 
and  9 for  the  RDS-80  (11  GHz  radio).  The  errors  occurred  in  two 
bursts,  one  at  1502  on  8 December  1974  and  the  other  at  0357  on  9 
December  1974.  The  errors  were  measured  at  the  T1  bit  rate  (1.544 
Mb/s).  The  received  signal  level  for  both  vertical  and  horizontal 
X-pol  received  signal  level  indicated  no  extreme  changes  which  might 
have  caused  the  errors. 

3.13.3.4  The  received  signal  level  for  the  RDS-80G  ranged  from  -34 
dBm  to  -58  dBm.  The  received  signal  level  was  -38  dBm  or  higher  for 
about  80  percent  of  time.  The  lowest  level,  -58  dBm,  occurred  as 
sharp  peaks  lasting  only  for  short  periods,  in  the  order  of  minutes. 
In  general,  the  received  signal  level  did  not  go  below  -46  dBm  for 
periods  longer  than  5 minutes.  The  X-pol  isolation  ranged  from  a 
low  of  22  dB  to  greater  than  35  dB.  The  X-pol  isolation  was  30  dB 
or  greater  for  more  than  90  percent  of  the  test  period.  The  low  of 
22  dB  existed  only  for  less  than  10  minutes  (see  figure  25).  The 
low  range  of  22  dB  to  25  dB  lasted  less  than  one  hour.  The  lows 
occurred  during  the  early  morning  of  8 December,  0200  to  0500.  Dur- 
ing this  period,  no  errors  were  recorded. 

3.13.3.5  Analysis  of  the  strip  chart  recordings  of  received  signal 
level  of  the  RDS-80G  compared  to  the  X-pol  received  signal  level  indi 
cates  a correlation  of  variations  in  levels  90  percent  of  the  time. 
That  is,  a decrease  or  increase  in  one  is  reflected  in  the  other. 
There  are  periods  of  time  (see  figure  25  at  0506)  where  there  is  no 
correlation.  An  increase  in  one  shows  a decrease  in  the  other.  The 
magnitude  of  increases  or  decreases  in  the  received  signal  levels 
and  X-pol  are  not  equal . 

3.13.3.6  There  appears  to  be  no  correlation  between  time  of  day  and 
the  recording  variations.  The  recordings  display  the  random  nature 
of  the  signals  during  the  same  time  period  on  each  day,  including 
sunsets  and  sunrises. 

3.13.3.7  There  appears  to  be  some  correlation  between  signal  varia- 
tions at  8 GHz  and  11  GHz  as  most  data  indicates,  however,  as  shown 
figures  21,  22,  24,  and  25,  when  there  was  an  increase  or  decrease 
in  the  8 GHz  level  there  was  an  opposite  variation  in  the  11  GHz 
received  signal  level.  Figure  19  shows  that  at  8 GHz  there  is  approx 
imately  a 4 dB  decrease  in  signal  level  while  at  11  GHz  the  signal 
level  changed  only  1 dB.  Figure  21  shows  the  opposite  at  8 GHz  the 
received  signal  is  -39  dBm  ±2  dB  while  at  11  GHz  it  was  -36  dBm  +3 
dB.  At  0550  on  7 December  1974,  the  8 GHz  level  was  fairly  constant 
but  the  11  GHz  radio  showed  a peak. 
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3.13.3.8  The  analysis  indicates  that  the  required  X-pol  isolation  is 
attainable  on  this  test  link  under  ideal  weather  conditions.  It  shows 
that  there  is  a random  nature  in  the  receive  signals  which  are  not 
correlated  to  time  of  day  or  frequencies  tested. 
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Figure  29.  Simplified  Map:  CTA  to  Sibyl  Microwave  Link 
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FCC  Docket  Number  19311  was  formally  released  on  27  September  1974 
to  be  effective  1 November  1974.  Pertinent  points  of  this  docket 
with  respect  to  this  report  are  the  determination  of  necessary  band- 
width and  the  emission  limitations  restriction.  The  determination 
of  the  necessary  bandwidth  of  digital  modulation  using  PSK  (F9Y)  is 
given  by  the  formula  Bn  = 2RK 

Tog2(S) 

Where:  Bn  = necessary  bandwidth  in  MHz 

R = bit  rate  in  bits-per-second 
K = 1 

S = number  of  signaling  states 

Substituting  the  values  for  12.6  Mb/s  data  into  a QPSK  transmitter 
yields : 

B_  = 2 (12.6  x 106)  (1) 
log2(4) 

Bn  = 25.2  x 106  = 12.6  MHz 


This  means  that  for  a system  employing  QPSK  modulation,  the  necessary 
bandwidth  in  hertz  is  numerically  equal  to  the  bit  rate  in  bits-per- 
second  . 

For  systems  operating  below  15  GHz,  the  radiated  emissions  must  be 
contained  within  a "mask"  comprised  of  several  segments.  Measure- 
ments to  apply  these  segments  are  required  to  be  made  in  4 kHz  band 
increments.  The  attenuation  required  below  the  mean  power  output 
is  given  by  the  formula: 

A = 35  + 0.8  (P-50)  + 10  log10(B) 

Where:  A = attenuation  (in  decibels)  below  the  mean 

output  power  level 

P = percent  removed  from  the  carrier  frequency 
B = authorized  bandwidth  in  MHz 

This  must  be  tempered  by  two  additional  limitations.  First,  the 
attenuation  greater  than  50  percent  removed  must  be  a minimum  of 
50  dB,  and  secondly,  attenuation  greater  than  80  dB  is  not  required. 
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